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Abstract 
The endogenous and environmental regulation of red colour development in 
blushed  and  fully  red  pears  is  reviewed.  Colour  development  in  pears  has  an 
underlying developmental component. Generally, highest anthocyanin 
concentrations are attained in immature pears and colour tends to fade towards 
harvest. This is contrary to most other crop species where maximum pigmentation 
and colour are attained in ripe fruit and may relate to the photoprotective ability of 
anthocyanins. Because of this pigmentation pattern, net anthocyanin degradation at 
high temperatures results in pre-harvest red colour loss in susceptible pear cultivars. 
Susceptibility depends on the capacity to accumulate anthocyanin and on whether 
low temperatures are required for anthocyanin synthesis. Unlike apples, where red 
colour   development   in   all   cultivars   seems   to   require   or   benefit   from   low 
temperatures, not all pear cultivars seem to respond to low temperatures. Light 
appears  to  have  two  opposing  effects  in  pears,  being  required  for  anthocyanin 
synthesis,  but  also  apparently  increasing  red  colour  loss  through  increased 
degradation of anthocyanin. 
 
INTRODUCTION 
Blushed pear fruit are sought after by consumers and fetch higher prices than 
green or fully red fruit (Huysamer, 1998). Red colour of blushed fruit is due to the 
presence of two anthocyanin pigments, cyanidin 3-galactoside and cyanidin 
3-arabinoside, in hypodermal layers of the skin (Dussi et al., 1995). The presence and 
extent of the red blush, which varies considerably between seasons and between cultivars, 
determines the profitability of blushed cultivars. Differences in the redness of pear peel 
primarily relate to differences in pigment levels (Steyn et al., 2004a). Hence, poor red 
colour and the downgrading of blushed pears can be attributed to low anthocyanin levels 
at harvest. In order to attain regular yields of sufficiently blushed fruit, producers need to 
be aware of the factors that influence pear red colour development. 
In contrast with numerous reviews on red colour development in apples, very little 
is known about the regulation of pear colour development. However, recent evidence 
indicates that the developmental regulation of red colour in pears differs considerably 
from that in other fruit kinds. While in most fruit kinds anthocyanin synthesis peaks 
during ripening (Macheix et al., 1990; Saure, 1990), pear red colour apparently fades 
towards  harvest  (Steyn  et  al.,  2004a).  This  difference  in  developmental  regulation 
influences the effect of environmental factors on red colour development. In apples, poor 
red colour at harvest can be attributed to insufficient anthocyanin accumulation during the 
ripening-associated peak in synthesis (Saure, 1990). Poor synthesis normally relates to 
low light levels within the tree canopy and/or high temperatures (Saure, 1990). In pears, 
high day temperatures and light may contribute to the fading of red colour by increasing 
anthocyanin degradation (Steyn et al., 2004b). 
In this review we discuss the endogenous and environmental regulation of red 
colour  development  in  blushed  and  fully  red  pears  as  well  as  the  contribution  of 
anthocyanin degradation to pear colour at harvest. We also refer to the extensive literature 
available on the regulation of colour development in apples, the fruit kind of choice for 
 
 
 
 
 
1
studies on fruit colour development. We briefly speculate on the possible functionality of 
the pear pigmentation pattern. 
DEVELOPMENTAL REGULATION OF PEAR COLOUR 
Pear Pigmentation Pattern 
The ability to accumulate anthocyanin is a function of the developmental stage of 
fruit  (Saure,  1990).  In  many  fruit  kinds,  changes  in  colour  and  accumulation  of 
anthocyanins coincide with ripening (Macheix et al., 1990). In contrast, fully red and 
blushed pears generally attain their highest anthocyanin concentrations about midway 
between anthesis and harvest (Dussi et al., 1997; Steyn et al., 2004a; Fig. 1). Thereafter, 
anthocyanin concentrations gradually decrease and red colour fades towards harvest due 
to  a  combination  of  decreasing  synthesis,  natural  turnover,  degradation  at  high 
temperatures and dilution (Steyn et al., 2004b). 
The  maximum anthocyanin  concentration reached  and  the  severity  of  colour 
fading has a considerable influence on fruit colour at harvest (Steyn et al., 2004b). These 
two factors are interrelated: the rapidity and extent to which red colour fades also depend 
on the capacity to accumulate anthocyanin. An exponential relationship exists between 
anthocyanin concentration and hue angle (0° = red-purple, 90° = yellow, 180° = bluish- 
green and 270° = blue) at high pigment levels and a linear relationship at lower pigment 
levels (Steyn et al., 2004b). Hence, much larger reductions in anthocyanin concentration 
are required to induce a similar extent of visible colour change in well-coloured fruit with 
high  anthocyanin  concentrations  compared  to  poorly  coloured  fruit  containing  little 
anthocyanin (Fig. 2). This means that despite considerable reductions in anthocyanin 
concentration, fruit containing high anthocyanin concentrations changes little in redness 
while fruit containing little anthocyanin rapidly loses redness and becomes green under 
conditions favouring degradation (Steyn et al., 2004b). Consequently, fruit of blushed 
cultivars with a relatively low capacity for anthocyanin accumulation is much more prone 
to significant red colour loss prior to harvest. These cultivars also experience greater 
fluctuation in redness between seasons due to the poor buffering of red colour by the low 
anthocyanin concentrations (Steyn et al., 2004b). 
 
Molecular and Biochemical Basis of the Pear Pigmentation Pattern 
The induction of genes of the anthocyanin biosynthetic pathway (see review by 
Saito and Yamazaki, 2002) is coordinated and controlled by the action of regulatory 
genes activated by developmental and environmental stimuli (Holton and Cornish, 1995). 
We are not aware of any studies on the expression of anthocyanin regulatory genes in 
fruit. 
Apple peel and grape berries have been used to study the correlation between 
expression and activity of enzymes of the anthocyanin biosynthesis pathway and colour 
development (Ju et al., 1999; Kondo et al., 2002; Ban et al., 2003). In both these fruit 
kinds, red colour development appears to be regulated by the expression and activity of 
UDPGalactose: flavonoid-3-o -glycosyltransferase (UFGT), the last enzyme of the 
anthocyanin biosynthetic pathway. Enzymes prior to UFGT were expressed and active at 
stages of fruit development when red colour was absent. Products of reactions catalysed 
by these "earlier" enzymes can be diverted into numerous other phenolic pathways with 
diverse functions in, e.g., protection against herbivory, ultraviolet radiation and pathogen 
attack (McClure, 1975). UFGT activity in 'Rosemarie' and 'Bon Rouge' pear peel was 
found to increase over fruit development (Steyn et al., 2004a). Hence, it seems unlikely 
that UFGT activity is the factor that limits anthocyanin synthesis towards harvest in pear 
peel. 
 
Functionality of the Pear Pigmentation Pattern 
Anthocyanin accumulation and colour changes at harvest may aid seed dispersal 
(Harborne, 1965).  Since red colour peaks in immature fruit, it is unlikely that pear 
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 anthocyanins play a similar role. Recently, resistance to light stress of peel of different 
pear cultivars were found to increase with increasing redness of the peel (Steyn, 2003). 
This suggests a link between the presence of anthocyanin in pear peel and the ability of 
anthocyanins to protect photosynthesising tissues from light stress. Light interception by 
anthocyanins reduces the light levels incident on the underlying chloroplasts and so 
provides protection from excess light. 
However, it has been reported in some pear cultivars that red colour increases 
towards harvest (Dussi et al., 1997), thus arguing against a general function for pear 
anthocyanins in photoprotection. Also, red and blushed cultivars are selected for aesthetic 
reasons, often from green parents, so that increased anthocyanin levels do not necessarily 
confer any adaptive advantage (Harborne, 1965). Protection provided by anthocyanins 
can simply be fortuitous. By nature, anthocyanins should protect underlying 
photosynthesising tissues from light stress whenever present, but this may not necessarily 
be the reason for their presence. Acceptance of a photoprotective function for anthocyanin 
in pear peel would depend on whether developmental changes in the ability to accumulate 
anthocyanin reflect similar changes in susceptibility to light stress. 
ENVIRONMENTAL REGULATION OF COLOUR 
Light 
Light has two opposing effects on pear red colour, being required for anthocyanin 
synthesis, but also contributing to red colour loss through anthocyanin degradation (Steyn 
et  al.,  2004b).  In  most  fruit,  plant  organs  and  tissues,  light  is  a  prerequisite  for 
anthocyanin synthesis (Mancinelli, 1983). Pears are no exception. This can be inferred 
from  the  ability  to  prevent  red  colour  development  by  enclosing  fruit  in  light- 
impermeable bags (Steyn et al., 2004b). Anthocyanin concentrations also rapidly decrease 
in the absence of light, indicating that continued light-requiring synthesis is necessary to 
make up for dilution and turnover of anthocyanin (Steyn et al., 2004b). The rate of 
anthocyanin synthesis in apples increases linearly with increasing light energy (Proctor, 
1974). Hence, anthocyanin concentrations generally relate to light levels experienced on 
sun-exposed and shaded surfaces of individual fruit, as well as to differences within the 
cluster,  bearing  position,  and  position  within  the  tree  canopy  (Awad  et  al.,  2000). 
However,  light  is  also  an  important  contributor  to  anthocyanin  degradation  and 
discoloration of food products (Francis, 1989), and was found to increase anthocyanin 
degradation in detached apple and pear peel, either directly or via radiant heating (Marais 
et al., 2001a; Steyn et al., 2004b). 
Light stimulation of anthocyanin synthesis and degradation may occur 
simultaneously. Whether light exposure results in a colour gain or colour loss depends on 
whether  environmental  and  endogenous  conditions  are  favourable  for  anthocyanin 
synthesis. When unfavourable temperatures, or other factors, limit anthocyanin synthesis, 
light may contribute more to degradation than to synthesis, giving rise to colour loss. 
While it is imperative that apple fruit are exposed to high light intensities during the 
ripening-associated peak  in  anthocyanin synthesis  to  attain  good  colour,  shading  of 
'Sensation  Red  Bartlett'  pears in  the  month before harvest reduced the  decrease of 
anthocyanin levels and the fading of red colour (Dussi et al., 1995). As the ability of apple 
peel to synthesise anthocyanin increases towards maturity, the extent of light-induced 
anthocyanin  degradation  should  become  relatively  small  compared  to  the  extent  of 
synthesis. In contrast, since anthocyanin synthesis in pear peel tends to decrease towards 
harvest (Steyn et al., 2004b), the contribution of light to degradation can be expected to 
predominate. The contribution of light-induced anthocyanin degradation to fruit colour at 
harvest should increase as the ability of fruit of different pear cultivars to accumulate 
anthocyanin decreases. 
Temperature 
1. Synthesis. Low temperatures increase and high temperatures decrease anthocyanin 
accumulation in many fruit kinds and plant tissues (Steyn et al., 2002). To date, colour 
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development in all apple cultivars studied thus far have benefited from low temperatures 
(Curry, 1997; Reay, 1999; Steyn et al., 2004b). Studies on detached apples indicated that 
anthocyanin synthesis benefits from induction at low temperatures (≤15°C) whether in 
light or darkness, while subsequent accumulation of anthocyanin requires irradiation at 
higher temperatures (20-25°C) (Curry, 1997; Reay, 1999). Little anthocyanin is produced 
at lower (15°C) or higher (35°C) temperatures (Curry, 1997). A similar diurnal 
temperature requirement for maximal anthocyanin accumulation was found in maize 
(Christie et al., 1994), suggesting a more general response. Apparently, low temperatures 
induce expression of anthocyanin regulatory and biosynthetic pathway genes, but milder 
temperatures and light are required for the synthesis of anthocyanin (Christie et al., 1994). 
Previously Tan (1980) and Faragher (1983) found much higher phenylalanine ammonia- 
lyase  (PAL)  activity  in  apples  held  at  low  (6-10°C)  compared  to  high  temperatures 
( 20°C). 
Unlike apples, amongst four pear cultivars studied only 'Rosemarie'  increased in 
red colour in response to low temperatures (Steyn et al., 2004a; Fig. 3). Assessment of 
PAL and UFGT activities in 'Rosemarie' and 'Bon Rouge' in response to cold fronts 
confirmed the differential induction of anthocyanin synthesis by low temperatures. Red 
colour as well as PAL and UFGT activities increased in 'Rosemarie'  peel in response to 
the passing of a cold front early during fruit development (Steyn et al., 2004a). PAL and 
UFGT activity correlated most strongly with daily minimum temperatures, suggesting 
their induction at low temperatures. This is in agreement with Christie et al. (1994). 
Enzyme activity did not respond to low temperatures in the red cultivar 'Bon Rouge' or in 
either cultivar when a cold front passed in the week before harvest. This lack of response 
to low temperatures at the late stage of fruit development is consistent with the decreasing 
ability of pears to synthesise anthocyanin towards harvest (Steyn et al., 2004b). 
Failure to induce colour development in detached pears has prevented the 
determination of the optimum temperature range for anthocyanin synthesis (Marais et al., 
2001b; Steyn et al., 2004a). However, the strong negative correlation found between 
redness of 'Rosemarie' fruit and average daily temperatures (Steyn et al., 2004a) seems to 
indicate that both night and day temperatures are important. 
2. Degradation. Together with light, high temperature is the major factor involved in red 
colour loss in fruit, flowers and vegetative tissues (Biran and Halevy, 1974; Oren-Shamir 
and Levi-Nissim, 1997; Steyn et al., 2004b). Anthocyanin degradation and colour loss 
was found to increase linearly between 10 and 30°C in detached apples and pears (Steyn 
et al., 2004b). Red colour loss and anthocyanin degradation in attached 'Rosemarie' pears 
also  corresponded  with  periods  of  high  temperature.  The  hue  of  fruit  was  found  to 
increase by up to 5° during a single hot day (Fig. 3). Alternating cycles of high and low 
temperatures gave rise to fluctuation of 'Rosemarie'  colour between red and green (Steyn 
et al., 2004b; Fig. 3). Other pear cultivars showed less fluctuation in red colour due to 
their higher anthocyanin levels. 
The mechanism of light and temperature-induced degradation or natural turnover 
of anthocyanin in fruit is not known. Red colour loss in food products is generally 
attributed to three enzyme groups potentially able to degrade anthocyanins; 1- 
glycosidases, peroxidases and polyphenoloxidases (Macheix et al., 1990). However, high 
temperatures and light can degrade anthocyanin without enzymatic mediation (Attoe and 
Von Elbe, 1981). 
 
CONCLUSION 
In  most  fruit  kinds  including  apple,  the  extent  of  red  colour  at  harvest  is 
determined by anthocyanin accumulation during a ripening-associated peak in synthesis. 
Pears  display  an  atypical  anthocyanin  accumulation  pattern,  which  involves  the 
attainment of maximum anthocyanin concentrations about midway between anthesis and 
harvest and a slow decrease in synthesis and colour thereafter. Due to this pigmentation 
pattern, degradation of anthocyanin in response to light and high temperatures plays an 
important role in the determination of pear red colour at harvest. Furthermore, colour 
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 development in pears is light dependent, but in contrast to apples, only one cultivar 
required low temperatures for anthocyanin synthesis. Evidently, the molecular and 
biochemical basis of the developmental and environmental regulation of pear colour 
requires further study. It should prove a fruitful future field of research. 
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Fig. 1. General anthocyanin accumulation pattems in apples and peru·s. 
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